A historical perspective... Emission factors

Spatial variability vs fertilization effects

Measurements of N2O emissions over OSR in the Rafidin field (NE France) using static chambers and GC. Time axis is days after fertilizer application in the high-N plot [START_REF] Gosse | Carbon and Nitrogen cycling in a rendzina soil cropped with winter oilseed rape: the Châlons~Oilseed[END_REF].

Bare control

Unfertilized control

Spring and autum fertilization Spring fertilization

Micro-met monitoring proved challenging

Micro-meterological measurements of N2O emissions over OSR in the Rafidin field in the days following an autumn application of fertilizer N. Boxes indicate the daily totals in g N-N2O/ha/day (Gosse et al., 1996). . Annual budgets using inversion modelling  Interesting convergences of the regional budgets for France and European Union between the three inversions performed.  Prior emissions are different between the scenarios, with much lower emissions in S4 than in S5 and S6 for France and EU27 .  These converging results are obtained using two different atmospheric models and different inversion setups.  The overall emission factor for cropland is lower than the IPCC Tier 1 value ( 1% ) Testing the effects of introducing a legume crop in rotations, in a field trial in Grignon (Paris area)

Experimental sites

Averaged regional emissions per crop type

Overview of fertilization practices for OSR in France

Fertilizer N input rates in the 8 major OSR producing regions of France, in 2012. The recommended rates were obtained using the 'N ruler' decision support system (Ben Aoun et al., submitted).

Benefits of using a DSS on N 2 O emissions from OSR

Effects of generalizing the use of the 'N ruler' fertilization DSS on direct and indirect N2O emission rates, according to an ecosystem model (Ben Aoun et al., submitted). The 50%GHG systems does mitigate N2O emissions Simulated N2O emissions over 30 years of the PHEP and 50%GHG cropping systems in Grignon [START_REF] Goglio | % ony emission reduction from a modelled low-greenhouse gas cropping system during 2009-2011[END_REF]. This translates as a 29 % reduction of life-cycle GHG emissions on a GJ basis (of biomass energy content).

Coming back to the inclusion of a legume crop

Using the couple Leguminous-Rhizobia to reduce N 2 O

The inoculation of rhizobium strain G49 to soja plants has allowed to create, at the greenhouse scale, a system acting as a sink for N 

  point to a large variability under OSR Germon et al., Etude et gestion des sols, 2003

  Measurement cycle of 90 minutes Threshold emission levell ~ 2.5 ngN/m²/s H= 10 cm V=55 L Time series of measured fluxes from 2007 to 2010 in Grignon Loubet et al., Plant and Soil, 2011 Outline • Measuring and monitoring N 2 O • Biophysical modelling • Scaling up and down • Cropping systems approaches to mitigate emissions • Conclusion and outlook Field test of the NOE model Comparison of measured (full symbols) and simulated (open symbols) N2O fluxes at 3 sites in France (Hénault et al., GCB, 2005). Châlons and Longchamp are cropped to OSR. Integration into an ecosystem model Test of an ecosystem model in an OSR trial Comparison of measured (symbols) and simulated (lines) N2O fluxes at 3 sites in France (Lehuger et al., AGEE, 2010). N1 and N2 are two fertilization levels (135 and 270 kg N/ha).

  Climate : CRU-NCEP (Carboeurope IP) Vegetation map : Corine land cover 250 m Soil map : 1 : 1 000 000 EU soil map (JRC) N fertilizer inputs : survey and census data Biological N fixation : model-predicted Schematic of CERES-EGC (Gabrielle et al., 2006) Map of annual fluxes over Ile de France IMAGINE project (2010-2011); Gabrielle et al., 2012 Simulation of N 2 O fluxes (kg N 2 O-N ha -1 yr -1 ) over wheat crops in the Beauce region (central France). (Gabrielle et al., 2006).

  Effect of including a legume crop in rotations with OSR on LCA results for bio-diesel(Ben Aoun et al., in prep) main constraint: 50% reduction in GHG emissions ("50%GHG" system) (♦) and simulated (lines) N 2 O emissions in the 50%GHG (top) and PHEP (reference, bottom) cropping systems trial.

  2 O (Hénault et Revellin, 2011) Conclusion & outlook  An overall data base of ~30 site-years has been collected for OSR and may be used for further analysis (calculation of EFs -see talk by C. Le Gall -or modelling)  Biophysical modelling helped gain insight into the main drivers (climate, soil moisture and N content, fertilization)  Fertilization is the main management driver, but there is a strong interplay with other soil factors (eg, soil pH) or drivers (biological)  There are clear benefits of a systems approach to reduce N2O emissions (20-30% mitigation potential)  Some avenues for progress in understanding and mitigating N2O emissions from OSR:  Continuous monitoring using automatic chambers and micro-met  Include microbiological parameters/drivers in models  Paired experiments to investigate management factors  Modelling and mitigation at landscape scale (for indirect emissions)  Cropping systems experiments to explore combination of practices (agro-ecology at field to landscape scales) Correspondance: Benoît GABRIELLE Correspondance: Benoît GABRIELLE benoit.gabrielle@agroparistech.fr Thank you Thank you for your attention for your attention G Braque -an oilseed rape field (c) Guggenheim Bilbao Museum
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